The development of wire chambers for positron emission tomography continues at CERN. In its present form, the basic detector is called a HIgh Density Avalanche Chamber (HIDAC). Owing to the Penning effect, electron avalanche multiplication is obtained in the gamma-ray converter: coincidence time resolution is reduced to 20 ns and stable chamber operation is achieved with a safe, non-polymerizing gas mixture. Spatial resolution remains at 2-3 mm FWHM. A rotating camera consisting of two 20 x 20 cm chambers has now been under evaluation at Geneva Hospital for one year. Multilayer printedcircuit techniques are now used to construct chambers with multiple converters, thus raising detection efficiency from 7.5 to 20%. Read-out electronics and back-projecting memory are being developed to handle the high data rate from these chambers. A four-chamber positron camera designed to achieve 100,000 coincidences s 1 is nearing completion.
Introduction
The current generation of positron emission tomographsl consists essentially of one or more rings of bismuth-germanate crystals with each crystal individually coupled to a photomultiplier tube. Spatial resolution is limited to % 10 mm and the volume-imaging capabilities are severely limited. Such cameras are also very expensive.
Eight years ago, a new type of two-dimensional gamma-ray detector, based on the multiwire proportional chamber, was demonstrated at CERN. Its In its present form, this detector is called a HIgh Density Avalanche Chamber (HIDAC). A pair of such chambers has been in use for some years for the measurement of the angular correlation of positron annihilation radiation for solid-state physics research3'4. A similar system is now being constructed elsewhere5. A chamber is being built for imaging gamma-rays from fusion reactions6. The principle is being asplied to calorimetry in high-energy physics research . At CERN and the Geneva Hospital we are using these chambers for positron emission tomography for medical purposes; as is now beginning elsewhere8'9. Our goal is fully three-dimensional imaging at high spatial resolution (2-3 mm) for a reduced cost. In this paper, the-basic operation and properties of the HIDAC are reviewed, the performance of the present camera is presented in con- junction with a second paper10, and the construction of the next camera, due to be in operation in 1983, is outlined. 2 
Chamber Construction
Wire-chamber construction follows standard practice, the important parameters currently being: anode wire diameter 20 pm and pitch 2.0 mm, cathode wire diameter 70 pm and pitch 1.0 mm, anode-cathode spacing 3.0 mm.
A chamber is equipped with two 6 mm thick converters, each of which consists of sixteen 0.2 mm thick sheets of antimonial lead (96% Pb/4% Sb) and sixteen 0.1 mm thick sheets of fibre-glass reinforced epoxyresin. A converter is made in the same way as a multilayer printed circuit. The sheets are first bonded together in a heated press and then drilled out by a numerically controlled drilling machine. Using a fourhead machine, four 30 x 30 x 0.6 cm3 converters, each with 83,000 holes are drilled in eight hours. A chemical treatment after drilling removes lead burrs and dust. Persistent short circuits can usually be removed by discharging a large capacitor (e.g. 20,000 pF at 6 V) through the affected layers of lead.
Detection Efficiency
The detection efficiency of a chamber depends not only on the converter design, but also on the chamber operation. There are several factors governing the probability of detecting a gamma-ray: i) photon interaction in the converter, ii) electron escape into a hole, iii) ionization of the gas in the hole, iv) loss of ionization during extraction, v) total amount of amplification. 
Spatial Resolution
The physical limit on spatial resolution for positron emission tomography is determined by the departure from collinearity of the two gamma-rays and the distance travelled by the positron before annihilation. Both of these factors may be less than 1 mm 25,26 6 The camera limitations are the chamber wire pitch, read-out precision, converter hole geometry and converter parallax error. The first three considerations are X 1 mm by construction. The parallax error may also be kept to 1 mm. See Fig. 3 . Consider a gamma-ray pair striking opposed converters at an angle 0. The photoninteraction probability may be assumed to be constant with depth in the converter and the error in the position detected by the chamber will be the projection of the square response on the front face of the detectors That this degradation is due to positron range is demonstrated by replacing the plastic by tungsten, whereupon the result for 22 Na is nearly reproduced.
Time Resolution
The time resolution of a chamber is dominated by the drift time of the electrons through the converter. Clearly a thinner converter will give a better time resolution, but only at the cost of a reduced detection efficiency; hence, the eventual use of multiple converters.
In Fig. 5 
Energy Resolution
It is thought that the HIDAC has no energy resolution. This is true in the sense that there is no correspondence between photon energy and chamber pulse height. However, the HIDAC does have an important intrinsic sensitivity to photon energy. As the energy falls, the interaction probability rises owing to the photoelectric effect in the lead converters. This would increase the detection efficiency, but it is more than offset by the fact that the lower energy photoelectron has a lower probability of escaping from the lead bar. This effect has been measured in the existing camera by recording the random coincidence rate for different energy gamma-ray sources. See Fig. 6 . The Gamma ray energy (MeV) Fig. 6 The sensitivity of the camera to gamma-ray energy. The curves are normalized to 0.51 MeV. Fig. 10 . Eight converters are employed instead of two. Independent anode outputs will be used to record the active converter, whilst cathode planes are bussed together to minimize the quantity of electronics. Photon absorption will be increased by a factor of 2.7 and so detection efficiency will increase from 7.5 to 207. The chamber size will be increased to 30 x 30 cm and this will permit an angular acceptance of ±22.50 instead of ±150. Thus the maximum counting rate will increase to 5,000 x 2.72 x 1.5, i.e. 55,000. And by using two pairs of orthogonal chambers, 110,000 coincidences s 1 will be achieved.
The new schematic layout is given in Fig. 11 . The chamber electronics and decoding read-out modules will have a dead-time of 100 ns to handle chamber signal rates > 10 Stacked converters in the new chamber to improve detection efficiency Table 1 Fig . 11 The layout of the new camera. Dedicated hardware is required to achieve an overall coincidence rate of 100, 000 s' . 
